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WHPSHUDWXUHJUDGLHQWVDQG LQ VRPHFDVHV ODUJH WHPSHUDWXUHGLIIHUHQFHVZKHUHDV WKHERQGFRDW LV DQ LQWHUPHWDOOLF
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%X\XNND\D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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0DUU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6LQFH WKH FUHYLFH LV WKH ÀDPH TXHQFKLQJ DUHD ZKLFK LV WKHPDMRU FDXVH RI WKH FROG VWDUW+& HPLVVLRQV IURP 6,
JDVROLQHHQJLQHVWKHWRSVXUIDFHQHDUWKHFUHYLFHLVHVSHFLDOO\FKRVHQDVWKHSODFHRI7%&GHSRVLWLRQWRGHFUHDVHWKH
ULVNRINQRFNLQJ>&HULWHWDO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WKHWHPSHUDWXUHJUDGLHQWDQGWKHVWUHVVGLVWULEXWLRQLQWKHFRDWLQJDQGWKHLQWHUIDFLDOVWUHVVHV7KHERQGFRDWEHWZHHQ
WKH VXEVWUDWH DQG WKH FHUDPLF FRDWLQJ SOD\V DQ LPSRUWDQW UROH LQ UHGXFLQJ WKH LQWHUQDO VWUHVVHV ZKLFK PD\ VWDUW
EHWZHHQVXEVWUDWHDQGWRSFRDWGXHWRWKHUPDOVKRFN7KHUPDOVKRFNUHVLVWDQFHRIDFHUDPLFFRDWLQJGHSHQGVRQWKH
HODVWLFPRGXOXV FRHIILFLHQWRI WKHUPDOH[SDQVLRQ 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DQG WKHUPDOFRQGXFWLYLW\ >0DUU 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YDULRXV IDFWRUV WKDW LQÀXHQFH WKH JHQHUDO SHUIRUPDQFH RI FRDWLQJV DQG VRXUFH RI WKH VSDOOLQJ RI WKH FRDWLQJ
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0LFURVWUXFWXUHRI7%&V\VWHPV
$VLWFDQEHVHHQIURP)LJ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WKHIDLOXUHRI7%&FRDWHGVXUIDFHRQDOXPLQLXPDOOR\VXQGHUWKHUPDOIDWLJXH
FRQGLWLRQV ZDV IRXQG EH LQ D FUDFNLQJPRGH ZKLFK LQGXFHV IURP FRDWHG VXUIDFH WR VXEVWUDWH GXH WR SHQHWUDWLQJ
FUDFNLQJ DORQJ KRUL]RQWDO DVZHOO DV YHUWLFDO GLUHFWLRQV)LJ D VKRZV WKH FUDFN LQLWLDWLRQ VWDJHZKLFK FDQ¶W EH
REVHUYHGQDNHGH\HV%XW)LJE LVFRPSOHWH IUDFWXUHVWDJHRI<6=EDVHG7%&VV\VWHPV IRUDOXPLQLXPDOOR\V
VXEVWUDWH )LJ E LV WKH PDFUROHYHO SKHQRPHQRQ )LJ SUHVHQWV WKH IUDFWXUHG VXUIDFH PRUSKRORJLHV RI 7%&
V\VWHPVZKLFKDUHFRPSRVHGRIWKH<6=WRSFRDW1L&R&U$O<ERQGFRDWGHSRVLWHGRQDOXPLQLXPDOOR\VVXEVWUDWH
E\$36SURFHVV,Q)LJUHGHQFLUFOHG³´UHSUHVHQWVWRIUDFWXUHGWRSFRDWVXUIDFHDQGUHGHQFLUFOH³´UHIHUVWR
IUDFWXUHGVXUIDFHVRIWKHWRSFRDWDVZHOODVERQGFRDW7KHPLFURFROXPQDUJUDLQVHQFLUFOHGLQ)LJZDVREVHUYHG
ZKLFKZHUHVROLGLILHGIURPWKHPHOWHGIUDFWLRQRI<6=WRSFRDWSRZGHU
7KHUPDOF\FOLFEHKDYLRXUVRI7%&VV\VWHPV
:KHQ WKH HGJH HIIHFW ZDV FRQVLGHUHG LQ WHUPV RI WKH SUDFWLFDO DSSOLFDWLRQ RI WKHUPDO EDUULHU FRDWLQJV 7%&V
V\VWHPVVXFKDVHGJHVDQGFRUQHUVLQLQWHUQDOFRPEXVWLRQ,&HQJLQHSLVWRQVTXDUHVSHFLPHQVZHUHXVHG,WFDQEH
VHHQ VWDUWLQJ IDLOXUH ZDV RFFXUUHG IURP WKH HGJHV RI WKH VDPSOHV DQG WKHQ SURSDJDWHG WR WKH VXUIDFH DUHDV
%HJLQQLQJRIWKHIDLOXUHIURPWKHHGJHVDQGFRUQHUVZDVEHFDXVHRIWKHH[WUHPHKHDWLQJDQGFRROLQJFRQGLWLRQVDQG
WKHUPDOVWUHVVHVEHWZHHQWKHV\VWHPV6LPLODUSKHQRPHQRQ>-DPDOLHWDO$KPDGLSLGDQLHWDO*LROOLHW
DN@ZDVDOVRREVHUYHGE\RWKHUUHVHDUFKHUVGXULQJWKHUPDOIDWLJXHORDGLQJFRQGLWLRQV)LJUHIHUVWRDQDO\VLV
RIZHLJKWFKDQJHVRI7%&VV\VWHPVGXULQJWKHWKHUPDOF\FOLFORDGLQJ$VLWFDQEHVHHQIURP)LJWKHZHLJKWRI
7%&VVDPSOHVZDVILUVWLQFUHDVHGGXHWRVXEVWUDWHIUHHVXUIDFHR[LGDWLRQDQGWKHQUHGXFHGVXGGHQO\DIWHUF\FOHV
GXHWRPXOWLSOHFUDFNVIRUPDWLRQ$IWHUVXGGHQZHLJKWORVVLQF\FOHVDZHLJKWJDLQZDVREVHUYHGUHVXOWLQJIURP
WKHVXEVWUDWHDQGERQGFRDWR[LGDWLRQ6LQFHJUDGXDOZHLJKWORVVZDVQRWIRXQGFRDWLQJGDPDJHGLGQRWRFFXU$IWHU
F\FOHVJUDGXDOZHLJKWORVVZDVREVHUYHGWKHUPDOGHJUDGDWLRQRIFRDWHGVSHFLPHQVPXVWRFFXU$IWHUF\FOHV
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WKHVXGGHQZHLJKW ORVVRIVDPSOHVZDVREVHUYHGZKLFK LPSOLHG WKHFRDWLQJGDPDJHYLD WKHFUDFNLQJPRGHFRXOG
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7KHUHVXOWVVKRZV5HIHUVWR)LJDQG)LJ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F\FOHV 5HFWDQJOHDUHDV LQGLFDWHV IUDFWXUHG WRSFRDW
VXUIDFH5HGHQFLUFOHLQGLFDWHVIUDFWXUHGWRSFRDWZLWKERQGFRDWVXUIDFHV$UURZLQGLFDWHVPLFURFROXPQDUJUDLQ
&\FOHVD &\FOHVE

 +RUL]RQWDO&UDFNV
 9HUWLFDO&UDFNV
 3URSDJDWLQJ FUDFNV LQ
KRUL]RQWDOGLUHFWLRQV
 3URSDJDWLQJ FUDFNV LQ
YHUWLFDOGLUHFWLRQV
 3HQHWUDWLQJ&UDFNVLQUHG
FLUFOH




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)LJ:HLJKW&KDQJHDVDIXQFWLRQRIF\FOHQXPEHU<6=7%&VGXULQJWKHUPDO IDWLJXHWHVWLQJ
)LJD 2SWLFDO0LFURJUDSKRIIUDFWXUHGSODVPDVSUD\HG7%&VSHFLPHQVZLWKWKLFNQHVVRIPDIWHU7)WHVWLQJ DW7PD[ & DIWHUF\FOH
5HG DUURZ LQGLFDWHV SURSDJDWLQJ FUDFN LQ YHUWLFDO GLUHFWLRQV &LUFOH LQGLFDWHV VSDOOHG UHJLRQ:KLWH DUURZ LQGLFDWHV IUDFWXUHG SDUW RI FRDWLQJ
PDWHULDOV E 5HG FLUFOH LQGLFDWHV VSDOOHG UHJLRQ:KLWH DUURZ LQGLFDWHV FRPSOHWH IUDFWXUHGSDUW RI FRDWHGSDUW IURP VXEVWUDWH %ODFN DUURZ
LQGLFDWHVKRUL]RQWDOFUDFNDQGUHGDUURZLQGLFDWHVYHUWLFDOFUDFN
)LJ 6(0 PLFURJUDSK RI WKH IUDFWXUHG VXUIDFH RI DVVSUD\HG <6= 7%& DW &5HG FLUFOH LQGLFDWHV XQPHOWHG SDUWLFOHV <HOORZ DUURZ
LQGLFDWHVLQWHUJUDQXODUFROXPQDURIIUDFWXUHGSDUWLFOH
&UDFNV
ED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&RQFOXVLRQV
,QSUHVHQWDUWLFOHPLFURVWUXFWXUDODVSHFWVRIWKHUPDOF\FOLFSHUIRUPDQFHDW&DQG&RI7%&V\VWHPVRQ
DOXPLQLXPDOOR\KDYHEHHQUHSRUWHG7%&EDVHGFRDWLQJVSURYLGH JRRGWKHUPDOUHVLVWDQFHWR$$DW&
DQG&LQFRPSDULVRQWRZLWKRXWFRDWLQJ$$ +RZHYHU FRDWLQJGDPDJHGHYHORSWKRXJKWKLFNQHVVFUDFNV
VXEMHFWHGWRWKHUPDOF\FOLFORDGLQJ7KHVHWKHUPDOF\FOLFORDGLQJLQGXFHFRHIILFLHQWRIWKHUPDOH[SDQVLRQ PLVPDWFK
VWUHVVHVGXULQJWKHFRDWLQJGHSRVLWLRQDVZHOODVWKHUPDOF\FOLFORDGLQJFRQGLWLRQV7KHQXPEHURIFUDFNVLQFRDWLQJ
LQFUHDVHVZLWKWKHQXPEHURIWKHUPDOF\FOHVDWERWKWHPSHUDWXUHV+RZHYHUORFDOL]HGR[LGDWLRQGDPDJH RFFXUUHGDW
DYHU\IDVWUDWHZLWKWKHLQFUHDVHRIWHPSHUDWXUH 'DPDJHWKURXJKWKHFUDFNVRQWKHFRDWLQJVXUIDFHHPHUJHGLQWKH
IRUP RI D ZHOONQRZQ FUDFN SDWWHUQ LQ FRPSDULVRQ WR RWKHU IRUP RI GDPDJH VXFK DV VSDOODWLRQ 7KH PDMRU
FRQFOXVLRQVDUHDVIROORZV
 ,QDOOFDVHVWKHLQLWLDO FUDFNVZHUHLQLWLDWHGDWWKHHGJHFRUQHURIWKHVTXDUHVSHFLPHQV
 7KHIDLOXUHVRI<6=7%&VV\VWHPVRQ$$ZHUHREVHUYHGGXHWRWKHPXOWLSOHFUDFNVPRGHRQO\ DW&
 ,QWKLVDUWLFOHYHUWLFDOFUDFNVDQGSURSDJDWLQJFUDFNVRUKRUL]RQWDOFUDFNHPHUJHGLQ<6=EDVHG7%&VV\VWHPV
IRU$$7KHSHQHWUDWLQJYHUWLFDOFUDFNVVWDUWLQJSHQHWUDWHIURPWRSFRDWWRWKHVXEVWUDWHVXUIDFHDW& DQG
&
5HIHUHQFHV
/LPD&5&*XLOHPDQ\-0$GKHVLRQLPSURYHPHQWVRI WKHUPDOEDUULHUFRDWLQJVZLWK+92)WKHUPDOO\VSUD\HGERQGFRDWV 6XUIDFHDQG
&RDWLQJV7HFKQRORJ\ SS±
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